Gynodioecious populations contain male-sterile and hermaphrodite individuals, and gynodioecy has been interpreted as an outbreeding system.
I. INTRODUCTION
MANY species of flowering plants comprise, in addition to hermaphrodites, considerable proportions of male-sterile individuals. Such species are called gynodioecious, and gynodioecy has been interpreted as an outbreeding mechanism (Mather, 1940) . Because of their sterility with respect to hermaphrodites, male-steriles would be lost from a population containing both forms, unless they had some mechanism for their maintenance. In natural populations of gynodioecious plants male-steriles may be maintained by their greater fruit set compared to hermaphrodites (Burrows, 1960) or by the lethality or partial lethality of some hermaphrodite genotypes (Lewis and Crowe, 1956) . Theoretical studies of the effects of increased seed production by the mae-steriles on their maintenance in gynodioecious populations were made by Lewis (1941) , and by Ross and Shaw (1971) . These authors found that male-steriles were only maintained if they produced a minimum of somewhat over twice as many seeds as hermaphrodites. Heterozygote advantage for fitness might also constitute a mechanism for maintenance of male-steriles. For example, with monogenic recessive male sterility and heterozygote advantage, male-steriles could be maintained because of recombination among heterozygous hermaphrodites. Jam (1961) studied models of inbreeding populations in which a recessive male-sterility gene showed heterozygote advantage, and where male-sterile plants were more likely to be outcrossed than were male-fertiles. He showed that considerable heterozygosity could be maintained under some conditions. Jam and Suneson (1964) found that a recessive male-sterility gene, which had been introduced into barley populations, decreased in frequency but was not eliminated during many generations. Heterozygote advantage at the malesterility locus may have been partly responsible for the persistence of the gene. This note reports studies of the relationship between heterozygote advantage for fitness at loci causing male sterility, and the proportions ofmalesteriles maintained.
METHoDs
The results were obtained by computer simulation of a model given by Shaw (1957) , and modified for hermaphroditic organisms by Ross and Shaw (1971) . The relative numbers of offspring left by given matings were calculated by the second method of Ross and Shaw (1971) and heterozygote advantage was then superimposed upon this basic fitness model. Under digenic inheritance fitness models were symmetrical, since the fitness of the heterozygote at the first locus was assumed to equal that at the second locus. In addition fitness interactions between loci were taken as multiplicative in epistatic models, and additive in the non-epistatic models (Faiconer, 1960) .
The following cases were studied (F2 ratios in parentheses, with hermaphrodites placed first): monogenic recessive male-sterile (3: 1); digenic, with the double recessive male-sterile (15: 1); digenic, complementary genes (9:7); digenic, recessive suppressor (13 : 3).
Several initial genotype frequencies were used to obtain each result, and all initial frequencies appeared to converge to a single frequency of malesteriles for each set of conditions. The results are given after 500 generations, and are rounded off from nine figures. Most results were at equilibrium, but some showed changes in the last two or three figures at 500 generations, suggesting that equilibrium had not quite been attained, or that accumulated rounding-off errors had caused fluctuations.
3. REULT The effects of several factors on the equilibrium proportions of malesteriles were studied. In addition to heterozygote advantage, these factors included monogenic or digenic control of male sterility, and linkage. A selection of these results is given here. Fig. 1 and table 1 give the frequencies of male-steriles as a function of fitness of the heterozygote under monogenic recessive inheritance of male sterility, and under digenic inheritance with three modes of gene interaction. In addition, for digenic models, fig. 1 shows the effects of epistatic and nonepistatic interactions for fitness. From the figure it is clear that mode of inheritance of male sterility has a marked influence on the proportions of male-steriles kept in the population for given fitness values of the heterozygotes. The greatest proportions of male-steriles are maintained under digenic inheritance of male sterility with complementary gene interaction, and fewest male-steriles are maintained where genetic control is via duplicate genes. In all cases epistatic fitness interactions are associated with greater equilibrium proportions of male-steriles than are non-epistatic interactions. Epistatic fitness interactions have the greatest effect where control of male sterility is through complementary genes, and have least effect when control is by duplicate genes.
Linkage between the sex-controlling genes caused reductions in proportions of male-steriles maintained for given heterosis values under the epistatic models, except for inheritance through complementary genes with a low degree of heterozygote advantage, where linkage was associated with a slight increase in male-steriles (table 1). In general, the tighter the linkage, the lower the proportion of male-steriles. The effect of tight linkage was least where control of male-sterility was through complementary genes, and greatest where control was through duplicate genes.
Increased values of heterozygote advantage were associated with increased proportions of male-steriles, except where there was tight linkage with inheritance through recessive suppressor or duplicate genes. In these cases there was respectively a slight increase followed by a decline, and a steady decline in proportions of male-steriles, with increasing values of heterozygote advantage.
Discussior.i
We have seen that different modes of inheritance of male-sterility are reflected in differences in the proportions of male-steriles maintained for given values of heterozygote advantage. It is therefore possible that the modes of inheritance of male-sterility in nature may be relevant to the system of maintenance of the male-steriles. In contrast to this situation, models where male-steriles were maintained by increased relative seed set showed no effect of mode of nuclear inheritance on proportions of male-steriles maintained (Ross and Shaw, 1971) . From 2 or 3 up to 50 or more per cent. male-steriles have been reported in otherwise hermaphrodite populations (Knuth, 1906-09) . Although low frequencies of male-steriles may be maintained by heterozygote advantage under any of the four systems of inheritance considered here, it seems that other methods (e.g. lethality) may prove more effective at maintaining high proportions of male-steriles (e.g. 30 per cent, or more). For example, we have seen that in the recessive suppressor system under our assumptions, such high proportions of male-steriles are not easily maintained by heterozygote advantage alone, and it is interesting to see that in Origanum vulgare, which has recessive suppressor inheritance, and where there are 30-50 per cent. male-steriles, the male-steriles seem to be maintained by partial or complete lethality of some homozygotes, together with differential seed set and high mutation rate (Lewis and Crowe, 1956; Jam, 1968) .
